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METHOD AND DEVICE FOR ESTIMATING A MULTI-CARRIER SIGNAL 

PROPAGATION CHANNEL 

DESCRIPTION 

1. Field of the invention 

The field of the invention is applied digital 
communications, digital radio broadcasting systems of the 
type belonging to the group including DAB f DVB-T, DRM, 
5 and also telecommunications (ADSL, Hyperlan2, etc.). 

More precisely, the invention relates to DAB, DVB-T, 
DRM type receivers that use the OFDM (Orthogonal 
Frequency Division Multiplex) demodulation, which is used 
increasingly in the above-mentioned fields. 
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2. Prior art 

2.1. Reminder about the principle of OFDM modulation 

OFDM modulation consists of distributing data with 
duration Tu (called the useful symbol time) in the time- 
15 frequency space on a plurality of independently modulated 
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carrier frequencies, for example in QPSK or QAM. OFDM 
thus decomposes the channel into cells along the time 
axis 11 and the frequency axis 12 as shown in Figure 1. 
Each of the carriers is orthogonal to the previous 
5 carrier. 

The channel with predetermined length 13 is thus 
composed of a sequence of frequency sub-bands 14 and a 
sequence of time segments 15. 

A dedicated carrier is assigned to each 

10 frequency/time cell. Therefore, information to be 
transported will be distributed on all these carriers, 
each modulated at low flow for example, by a QPSK or QAM 
type modulation. An OFDM symbol includes all information 
carried by all carriers at time t. 

15 This modulation technique is particularly efficient 

in situations in which multi-paths are encountered. As 
shown in Figure 2 that presents a set of OFDM symbols 21, 
the same sequence of symbols arriving at a receiver by 
two different paths is like the same information arriving 

20 at two different and additive instants. These echoes 
cause two types of defects: 

- intra symbol interference: addition of a symbol 
with itself slightly out-of-phase; 

- inter symbol interference: addition of a symbol 
25 with the next symbol plus the previous symbol slightly 

out of phase. 

A "dead" zone called the guard interval 22 is 
inserted between each transmitted symbol, the duration 23 
of which is chosen to be sufficiently large with respect 
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to spreading of echoes. These precautions will limit 
inter symbol interference (which is absorbed by the guard 
interval) . 

On reception, carriers are also affected by either 
5 an attenuation (destructive echoes) or amplification 
(constructive echoes) and / or phase rotation. 

Pilot synchronisation carriers (often with an 
amplitude greater than useful data carriers) are inserted 
to calculate the channel transfer function and thus 
10 equalize the signal before demodulation. The value and 
location of these pilots in the time/frequency space are 
predefined and known to the receivers. 

After interpolation in time and in frequency, a more 
or less relevant estimate of the channel response is 
15 obtained as a function of the number of reference pilots 
and their distribution in the time/frequency domain. 

2.2. Application in AM (DRM) bands 

OFDM modulation is increasingly used in digital 
20 broadcasting because it is very well adapted to 

variations in the radio channel : echoes and Doppler. 

Engineers firstly study the characteristics of the radio 

channel that vary as a function of the emission 

frequency, the signal pass-band, and also for digital 
25 radio in the AM (DRM) bands, different propagation 

conditions between day and night and solar cycles, so as 

to choose the best adapted OFDM structure. 

Receivers used for OFDM demodulation essentially use 

the channel response calculated from reference pilots. 
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Therefore, the accuracy of this estimate depends on the 
proportion of reference pilots inserted in OFDM symbols. 

2.3. Disadvantages of techniques according to prior art 
5 A common phase error correction algorithm is known, 

but the treated error corresponds to the relative error 
between two successive OFDM symbols, the objective then 
being to correct phase errors due to defects in 
oscillators used in the receivers. 
10 However, fast channel variations are observed, 

particularly for DRM and particularly when travelling in 
cars, which can cause temporary loss of service (partial 
or total) . 

In particular, known techniques for correcting phase 
15 variations between two successive OFDM symbols are based 
on calculation of the common phase error by 
differentiation between two successive symbols. 
Therefore, this correction is done before the channel 
estimate. For example, this is the case for the solution 
20 proposed by France Telecom and Teledif fusion de France 
(TDF) in their French patent No. FR 2 768 278. However, 
this may not be sufficient, particularly in the case of 
DRM. 

25 3. Purposes of the invention 

The purpose of the invention is particularly to 
overcome these main disadvantages of prior art. 

More precisely, one purpose of the invention is to 
provide a method and a device for optimising the estimate 
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of a propagation channel, particularly an OFDM channel, 
for example for DRM type applications. 

In particular, another purpose of the invention is 
the attempt to reduce strong fading that can occur for 
5 example in the case of the DRM. 

Another purpose of the invention is to provide a 
method and a device for correcting reference pilots as a 
function of a corresponding propagation channel. 

Another purpose of the invention is to provide a 
10 method and an estimating device for refining 
synchronisation of receivers. 

Yet another purpose of the invention is to provide a 
method and a device that are easy to use while remaining 
at reasonable cost . 
15 Another purpose of the invention is to provide a 

method and a device for also correcting the problem of 
the common phase error on an OFDM signal in reception, 
for example induced by oscillator phase noise, 
complementary to the error on the amplitude common to 
20 OFDM symbols. 

4. Main characteristics of the invention 

These objectives and others that will appear later 
are achieved by means of a method of estimating a 
25 propagation channel formed by successive symbols of a 
multi-carrier signal each comprising at least one 
reference pilot and a plurality of frequencies carrying 
data . 
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Such a method advantageously comprises at least one 
step to correct the reference pilot (s) as a function of a 
first estimate of a propagation channel, so as to create 
a second more precise second channel estimate. 
5 This approach is based particularly on the 

observation made by the inventors that currently known 
algorithms in solutions according to prior art do not use 
all information that can be extracted from reference 
pilots. 

10 The article entitled "The effect of phase noise in 

COFDM" published in 1998 in the "EBU Technical Review" by 
J. Scott identifies the problem of the common phase error 
on an OFDM signal in reception, for example induced by 
oscillator phase noise. However this article according to 

15 prior art does not propose any correction to this 
problem. 

Advantageously, this first estimating step for a 
propagation channel takes account of received pilots 
before they have been corrected. 

20 Preferably, the correction step includes a step to 

calculate an amplitude and / or phase error vector for 
each of the reference pilots. 

Preferably, the error vector calculation step 
includes averaging of a set of error vectors obtained on 

25 at least one symbol. For example, this averaging can 
correspond to an integration on error vectors obtained 
for each symbol, so as to eliminate any risk of 
introducing noise that could be generated due to the use 
of atypical pilots. 
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Advantageously, averaging is calculated on each 
symbol . 

Advantageously, the set of error vectors only 
includes error vectors that satisfy at least one 
5 predetermined quality criterion. 

Preferably, the calculation step for an amplitude 
and / or phase error vector comprises a preliminary 
rejection step for this calculation to reject pilots with 
an amplitude less than a first predetermined minimum 
10 average threshold and / or greater than a second 
predetermined maximum average threshold, so as to prevent 
any risk of introducing a bias into the calculation of 
the amplitude and / or phase error vector. 

As a simple illustrative example, when making a 
15 conventional channel estimate, there are frequently 
amplitude and phase errors that are sufficiently large in 
percentage to make this channel unusable. 

On the other hand, the method according to the 
invention makes it possible to demodulate all pilots to 
20 extract a common estimate applicable to the channel, by 
applying the channel estimate on the data themselves. 

Thus, as the number of these pilots for the same 
symbol increases, the estimate of the errors will also be 
better and the additive gaussian white noise will be 
25 minimal. Pilots with a very low amplitude compared with 
the average on a symbol or with an amplitude that is too 
high (that can be considered as a parasite) are ignored 
in the operation. 
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Advantageously, the second estimate includes an 
equalisation step that depends on the first channel 
estimate . 

Advantageously, the equalisation step is performed 
5 on all carrier frequencies of each symbol. 

Also advantageously, the equalisation step is 
followed by a step to calculate a pulse response of a 
propagation channel as a function of reference pilots 
equalised for refining synchronisation of receivers in 
10 time. 

Preferably, the reference pilot correction step 
includes a division of these pilots by the first 
propagation channel estimate. 

Preferably, the correction step of the reference 
15 pilots also includes a final correction step for all 
equalised useful carriers taking account of the average 
value obtained as a result of averaging. 

The method according to the invention is used 
advantageously for correction of at least one phase and / 
20 or amplitude error common to two cells in the same OFDM 
(Orthogonal Frequency Division Multiplex) type symbol. 

The invention also relates to a propagation channel 
estimating device formed of successive symbols of a 
multi-carrier signal each comprising at least one 
25 reference pilot, and a plurality of data carrier 
frequencies . 

Such a device thus preferably includes means of 
correction of the reference pilot (s) as a function of a 
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first estimate of the propagation channel, so as to 
output a second more precise channel estimate, 

5. List of figures 
5 Other characteristics and advantages of the 

invention will become clearer after reading the following 
description of a preferred embodiment given as a simple 
illustrative and non-limitative example and the attached 
drawings among which: 
10 - Figure 1, already described in the preamble, is a 

time / frequency view of an OFDM channel broken down into 
cells, the channel then being composed of a sequence of 
frequency sub-bands and a sequence of time segments; 

- Figure 2, also described above, presents a set of 
15 OFDM symbols; 

- Figure 3 shows an example of an OFDM structure in 
mode A of a set of DRM symbols; 

- Figure 4 shows a second example of an OFDM 
structure, but for a set of DVB-T symbols; 

20 - Figure 5 is a diagrammatic description of the 

functional algorithm of the method according to the 
invention, and is described in detail below; 

- Figure 6 gives an example of the determination of 
a global error vector starting from seven error vectors 

25 obtained for N = 7 pilots respectively. It is described 
in detail below. 

- Figure 7 gives an example of results obtained 
without application and with application of the algorithm 
according to the invention on an experimental broadcast 
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of a DRM signal from a tower at a frequency of 26 MHz 
with mode A. It demonstrates the residual error in the 
channel estimate before and after application of common 
error corrections. It is described in detail in section 
5 7.2 of the description of a preferred embodiment of the 
invention. 

6. Remainder of the general principle of the 
invention 

10 Therefore, the invention is intended to correct one 

or several phase and / or amplitude errors common to 
cells included within the same OFDM symbol, so as to 
optimise the estimate of an OFDM channel. 

In more detail, so-called reference pilots in the 

15 OFDM signal are integrated to estimate the propagation 
channel. This estimate is used firstly to correct so- 
called data pilots with regard to the propagation channel 
and secondly to obtain the pulse response of the channel, 
the response then being used to refine the 

20 synchronisation of receivers in time. 

For information, the use of reference pilots in 
digital sound radio broadcasting systems, particularly of 
the COFDM (Coding Orthogonal Frequency Division 
Multiplex) type is described in French patent 

25 No. FR 2 658 016, February 6 1990 concerning a digital 
data broadcasting method, particularly for high speed 
radio broadcasting to mobiles with t ime- frequency 
interlacing and coherent demodulation, and a 
corresponding receiver. In particular, such a method can 
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be used to determine a phase and amplitude reference for 
each digital element by interpolation, and thus to 
achieve a coherent demodulation. 

5 7. Description of a preferred embodiment of the 

invention 

Therefore, with the method according to the 
invention, it is possible to determine the phase rotation 
of an OFDM symbol after channel correction. Such a 

10 technique provides a means of compensating for phase 
variations output from receiver oscillators, but it is 
also possible to determine amplitude variations common to 
a symbol. These two items of information can be used to 
monitor variations of the channel at the rate of symbols 

15 in the time domain. 

According to a preferred embodiment of the 
invention, the objective is to correct a phase and 
amplitude error common to cells included within the same 
OFDM symbol. This technique can be used to monitor 

20 channel variations at the rate of OFDM symbols, which is 
much better than what is possible with a conventional 
channel estimate due to the time and frequency 
distribution of reference pilots that are often limited 
in number so as to not reduce the throughput excessively. 

25 Once the "coarse" time and frequency 

synchronisations have been set up, for example by 
correlation of guard intervals, the channel response can 
be obtained by interpolation on reference pilots. Once 
this estimate has been obtained, equalisation is applied 
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to all reference pilots and OFDM symbol data. It then 
becomes possible to determine a residual error between 
sent pilots and received pilots after equalisation, at 
the reference pilots. This is usually due to additive 
5 gaussian white noise or possibly an error related to time 
and frequency interpolation limits, in other words 
channel estimating . 

By integrating all vectors on a symbol, which is 
equivalent to averaging them, the result obtained is a 
10 global error vector. Confidence in elementary vectors is 
achieved from the channel estimate, this operation 
rejecting weak signals (embedded in noise) or parasite 
peaks . 



15 phase error "CPE" and the amplitude of this vector 
corresponds to the common amplitude error "CAE", both 
expressed by the mathematical formulas given below and 
shown in Figure 6. This Figure 6 gives an illustrative 
example of how to determine the global error vector 61 

20 starting from seven error vectors (62, 63, 64, 65, 66, 
67, 68) respectively obtained for N = 7 pilots. 

The common phase error "CPE" 69 is expressed as 
follows : 



The phase of this vector corresponds to the common 



CPE = angle 
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and the common amplitude error "CAE" 61 as follows: 




N 
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where : 

P refii is the complex residual error on reference 
pilots i, where i is the index (from 0 to N-l) of the N 
reference pilots used; 
5 N: is the variable defining the number of pilots 

in the calculation. 

Similarly, if Hi is the first response estimate of 
the channel before correction, weighting of this first 
channel estimate with the global error vector can give a 
10 new more precise channel estimate denoted H 2 that takes 
account of phase errors of receiver oscillators. This 
second more precise estimate also takes account of 
channel variations that could not normally be measured 
with techniques according to prior art and that are 
15 partly the reason for the improvement in the channel 
estimate applied to OFDM demodulation. 

This second more precise channel estimate is 
expressed by means of the following mathematical formula: 

rMnU(rj.CPE) 

H 2< n > = 

CAE 

20 where hi(n): is the channel response before correction. 

It then becomes possible to evaluate the refined 
estimate value assigned to all cells equalised by the 
estimate by the following mathematical formula: 

Y(n) = (n) *x(n) 

25 where: 

y(n) is the set of cells equalised by the 
estimate; 
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h2(n): is the channel response after correction by 
CPE and CAE; 

x(n): is the set of cells associated with an OFDM 

symbol . 

5 Figure 5 shows a diagrammatic description of the 

functional algorithm described above for which the main 
steps are summarised as follows: 

- step 1: a Fast Fourier Transform 510 is applied to 
the received signal transferred in base band to identify 

10 the set x(n) 511 of cells associated with each of the 

OFDM symbols; 

step 2: demultiplexing 512 of cells 511 then 

dissociates firstly the reference pilots 513 and secondly 

the data carriers 514; 
15 - step 3: a time / frequency interpolation 515 is 

carried out on all reference pilots 513 so as to obtain- a 

first estimate hi(n) of the channel response 516 before 

correction; 

step 4: the calculations 517 of common phase 
20 errors (ECP) and common amplitude errors (CAE) are then 
made from reference pilots 513, and the first estimate 
hi(n) of the channel response 516 before correction; 

- step 5: calculation of a second more precise 
estimate h 2 (n) 518 of the channel response after 

25 correction; 

- step 6: equalisation 519 of all cells 512 from the 
set of data carriers 514 and the result of the second 
estimate 518, so as to define the set 520 of equalised 
cells y(n) by the estimate; 
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- step 7: application of the data processing 521 and 
calculation 522 of the complex residual error on 
corrected reference pilots i, so as to make the last time 
adjustment 523 on the corrected pilots. 

5 Figure 7 illustrates an example of the results 

obtained without application and with application of the 
algorithm according to the invention, on an experimental 
broadcast of a DRM signal from a tower at a frequency of 
26 MHz in mode A (that has a reference pilot every 

10 20 cells in frequency and every 5 cells in time) . The 
audio service 71 is highly disturbed when moving near to 
the tower at 50 km/h: the uncorrected channel 72 
comprises troughs and nodes 73, which recur more 
frequently than is possible with the selected OFDM mode. 

15 With the technique according to the invention, the audio 
service 71 after correction operates perfectly as 
illustrated by reference 74. 

Figure 7 also illustrates signals obtained for: 

- an uncorrected module 75; 
20 - a corrected module 76; 

- an uncorrected phase 77; 

- a corrected phase 78. 

8. Advantages of the solution according to the 
25 invention 

The method and device for estimating a propagation 
channel formed by successive symbols of a multi-carrier 
signal each comprising at least one reference pilot and a 
plurality of frequencies carrying data as proposed 
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according to the invention have a number of advantages, 
given in the following non-exhaustive list: 

- optimisation of the channel estimate in OFDM; 

- correction of data pilots with regard to the 
5 propagation channel; 

- possibility of obtaining a pulse response of the 
channel, which can be used to refine the time 
synchronisation of receivers; 

- application to OFDM reception in mobility of the 
10 type including DRM, DVB-T, etc.; 

- simplicity of use; 

- quality and relevance of results obtained in terms 
of correction; 

- speed of the solution and the algorithm. 



